Background: This case report describes a well documented proximal femoral metadiaphysis intraosseous lipoma which later developed metastasis from a new esophageal cancer. Metastatic disease to benign conditions is a rare finding. To the best of our knowledge, this is the first reported case of metastatic disease to an intraosseous lipoma. Case Description: The metastatic deposit was initially detected by plain-film radiography, performed to evaluate new onset right hip pain, as possible new cortical breakthrough with irregularity in the site of previously known proximal right femur intraosseous lipoma. Concurrent follow-up PET/CT study showed a new hypermetabolic focus within the known intraosseous lipoma indicating a new metastasis that was confirmed with an MRI as a new enhancing mass within the preexisting intraosseous lipoma. Subsequently, an MRI-guided biopsy and eventually surgical excision was performed providing the histological samples for radiologic-pathologic correlation. Purpose and Clinical Relevance: Clinicians need to be aware that unusual, complex patterns within benign lesions may be a reflection of unexpected conditions, such as insufficiency injury, malignant transformation and secondary metastatic disease, as exemplified by our case report.
Introduction
Intraosseous lipomas are rare benign tumors of the bone that are most commonly found within the calcaneus and the proximal femur [1, 2] . These lesions are classified according to their site of origin with intramedullary lipomas (IMLs) being the most common, followed by juxtacortical lipomas, intracortical lipomas, and subperiosteal lipomas which are the rarest types [2] . Histologically, the intraosseous lipomas are composed of mature adipose tissue along with varying amounts of fibrous and vascular tissues. In addition, they can involute resulting in foci of fat necrosis, cystic degeneration and dystrophic calcifications. Such appearance can closely resemble a bone infarct mandating meticulous radiologic-clinical correlation for an appropriate diagnosis [3] .
The following is a case report of a patient with known esophageal carcinoma who developed a metastatic focus within a pre-existing proximal femoral intraosseous lipoma. The presence of this metastatic deposit was detected on PET/CT examination and confirmed with an MRI. Subsequently, a histological specimen was obtained using MRI-guided biopsy and eventual surgical excision. To the best of our knowledge, this is the first reported case of metastatic disease to a pre-existing intraosseous lipoma.
Case Report
The patient was a 66-year-old male treated for a prior frontal sinus papilloma and benign fatty tumor right femur was noted. He was referred back to our clinic with abdominal discomfort and dysphagia. During work up an esophageal adenocarcinoma was diagnosed and patient underwent treatment with chemo-radiation therapy and esophagectomy. He was found to have an expansile, septated, lucent lesion in his right proximal femur on routine metastatic work-up imaging (Figure 1) . This was identical to the prior CT. The patient had been experiencing intermittent non-debilitating right hip pain for 4 years. He did not seek medical consultation as the pain did not interfere with his activities of daily living. The initial PET/CT scan study demonstrated an expansile intramedullary proximal right femoral metadiaphyseal lesion with internal septations, no internal matrix, calcification, or cortical break-through (Figure 1) . The lesion measured fat density (HU = −57.76) on the CT portion of the PET study that confirmed it to be an Intraosseous lipoma (Figure 1(B) ). In addition, there was no FDG avidity (Figure 1(C) ).
Six months later, the patient presented with markedly worse right hip pain. Pelvic and right hip radiographs demonstrated increased lucency within the expansile intramedullary lesion of the proximal femur. There was also noted more cortical thinning and a suggestion of cortical breakthrough, indicating a possible fracture secondary to a malignant or aggressive process (Figure 2) . A concurrent follow-up PET/CT scan demonstrated a new FDG-avid focus in the subtrochanteric region within the previously seen intraosseous lipoma (Figure 3) . This corresponded to a new soft tissue mass with different non-lipomatous characteristics (HU = 35.89) on CT attenuation correction images (Figure 3) . A follow-up contrast enhanced MRI confirmed the presence of an enhancing soft tissue focus within a pre-existing intraosseous lipoma (Figures 4(A)-(D) ). The differential diagnosis included insufficiency fracture, malignant degeneration of the intraosseous lipoma [4] , and metastasis from patient's known esophageal cancer. An MRI guided biopsy was subsequently performed, and the histological samples yielded metastatic esophageal carcinoma within a pre-existing intraosseous lipoma.
The right proximal femoral resection gross specimen demonstrated a well demarcated tumor involving the subtrochanteric intramedullary portion of the femoral metadiaphysis ( Figure 5 ). Microscopically the tumor showed an infiltrative pattern of growth with invasion of the marrow fat with nuclear pleomorphism and mitotic activity (Figure 6(A) ). Higher power view showed infiltration of the trabecular bone by adenocarcinoma. The tumor cells are arranged in sheets and nests with a focal glandular patter, consistent with metastatic adenocarcinoma (Figure 6(B) ).
Discussion
Intramedullary osseous lipoma (IML) is an uncommon primary bone tumor with a reported incidence of 0.1% -2.5% [5] . There is no sex predilection, and only about half of these patients are symptomatic and painful, while the others are discovered as incidental findings, as in our case on the routine PET/CT scan. The IMLs are more commonly found in the appendicular than the axial skeleton with the proximal femur being one of the most frequent sites for intraosseous lipomas along with the calcaneus [1, 3] . In the long bones the IMLs are centered within the metaphysis and may occasionally extend into the diaphysis as is also seen in our case report.
Radiographically, IMLs present as lucent lesions with osseous expansion, trabecular thickening, and cortical thinning. They are frequently distinguished from the surrounding normal fatty marrow by a peripheral ossified rim or capsule. They may also contain cystic areas and dystrophic calcifications as the lipoma evolves. On CT scans, the attenuation value of normal fatty marrow is slightly greater than that of IMLs [6] . MRI is highly sensitive for detection of IMLs, which have signal intensity similar to that of subcutaneous adipose tissue on T1 and T2 weighted images and demonstrate fat "drop-out" on fat suppressed or STIR sequences [7] [8] [9] . In addition, the thin capsular rim can be clearly identified on the MRI. In our case, the multimodality imaging features at presentation were thought to be diagnostic of an IML, and therefore, a biopsy for histological confirmation was initially not felt to be necessary. The biopsy was subsequently performed since the follow-up imaging studies indicated a significant change in the lesion that suggested it was no longer a simple IML.
A few rare cases of malignant tissue within a pre-existing benign osseous tumor have been described. Exceedingly rare is the malignant transformation of the IMLs to malignant fibrous histiocytomas or liposarcomas as described by Milgram et al. [4] . Also, there is a case report describing an osseous collision-tumor involving breast carcinoma metastases to post-radiation scapular chondrosarcoma [10] .
Esophageal carcinoma is the sixth leading cause of worldwide cancer related deaths. Esophageal carcinoma rarely metastasizes to bone with known incidence of 5% -9% [11, 12] . Most of these osseous metastases occur in bones containing predominantly red marrow such as the spine, ribs, pelvis and the end of long bones especially proximal femora [13] . It may be more than pure coincidence that in our case, a tumor that uncommonly metastasizes to bone produced a metastatic lesion within an IML. The cellular microenvironment of the IML would be expected to be different from cancellous bone and might be more favorable to the growth of a tumor such as esophageal cancer. While the idea is somewhat speculative, it will be interesting to see if other cases might be reported in the future that show metastases to IMLs or other benign tumors of carcinomas that do not typically affect bone.
In our search of the medical literature, metastasis to a pre-existing benign IML has not been reported before. The fact that our patient may be the first documented case perhaps reflects not just the rarity of the event but also the ease by which a subtle underlying lesion in bone may be overlooked and overshadowed by an aggressive tumor. In our case, we were fortunate in having images of the benign lesion in bone prior to its being affected by esophageal carcinoma, and we were thereby able to capture the process of metastasis to the lesion. It would be important for clinicians in the future to be sensitive to unusual characteristics of IMLs and other benign lesions of bone that might be a clue to the possibility of a concurrent secondary process within the lesion. Conversely, it may be equally noteworthy to observe radiographic signs of a pre-existing benign tumor that may have been all but obliterated by an obvious large bone metastasis. It is possible that studying these interactions might provide us with new and fresh clues as to the process of metastasis from malignant tumors.
